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Chitin and chitosan are bioactive polymers found in the exoskeleton of arthropods,
cephalopods, and cell walls of fungi. The main industrial sources of chitin and chitosan are
wastes from seafood processing industries. Since chitin and chitosan have poor solubility in
water. Chito-oligosaccharides (CHOS), oligomers of chitin and chitosan, are more interesting
for a wide variety of applications because they are water soluble, non-toxic, and biocompatible.
Chitosanase can be used to produce partially acetylated CHOS for several applications.
Previously, the family 46 chitosanase from Bacillus subtilis (BsCsn46A) has been shown to
possesses high potential for industrial applications. In this, two forms of recombinant

BsCsn46A from B. subtilis containing the native Bacillus or Escherichia coli OmpA signal

peptide were constructed and overexpressed in E. coli to evaluate their secretion efficiency.

The results showed that only the construct with the native signal peptide could be cleaved

homogenously, generating the same N-terminal sequence as in the wild type bacteria,

whereas, secreted BsCsn46A from the construct containing the OmpA signal peptide was

heterogeneous. However, the expression level of BsCsn46A generated from the construct
containing the E. coli OmpA signal peptide was much higher compared to the native Bacillus
signal peptide. Therefore, the construct BsCsn46A with OmpA signal peptide was used for

the subsequent experiments. In-depth characterization of the mode of action of BsCsn46A and
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its ability to degrade chitosans with various fractions of N-acetylation (Fa) were performed,
using size exclusion chromatography, '"H-NMR, and mass spectrometry (MS) methods. The
results showed that BsCsn46A has subsite binding preference for D-units in the -1 subsite,
although the enzyme can also hydrolyze glycosidic linkages following an A-unit. Utilizing
the non-processive endo-mode fashion, BsCsn46A can efficiently convert chitosans with

different degrees of acetylation into mixtures of CHOS with varying chain lengths and

compositions, depending on the substrate and the reaction conditions. Notably, this enzyme
seems to be one of the fastest chitosanases so far. The initial specific activities of chitosan
degradation were 5.5x10° and 84x10° min! for chitosans with Fa 0.15 and Fa 0.3,
respectively. Finally, CHOS with various Fa were produced by enzymatic hydrolysis using
BsCsn46A for chitosan-with Fa 0.15 and Fa 0.3, or a mutant of B. licheniformis chitinase

(BIChiA3) with improved properties for highly acetylated chitosan (Fa 0.6). Then, the

biological activities of various degrees of acetylation of CHOS with Fa0.15, 0.3 and 0.6 on a
model cell line for neuronal function and differentiation were studied. The results suggested
that CHOS effectively protect the SH-SYS5Y cells from a neurotoxic agent. Interestingly,
CHOS could enhance autophagy activity in SH-SYSY cells. CHOS with different degrees of
acetylation showed different biological activities including neuroprotective effects. In

conclusion, BsCsn46A is a suitable enzyme for the bioconversion of chitosans with various

degrees of acetylation into value-added CHOS for different applications.
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